(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organizatioii 

International Bureau 

(43) International Publication Date 
20 November 2003 (20.11.2003) 




PCT 



lilliDlliillliiliiiliiiii 

(10) International Publication Number 

wo 03/094877 Al 



(51) International Patent Classification^: A61K 7/16 

(21) International Application Number: PCT/US03/14694 

(22) International Filing Date: 9 May 2003 (09.05.2003) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

60/378,994 



9 May 2002 (09.05.2002) US 



(71) Applicant: THE PROCTER & GAMBLE COMPANY 

[US/US]; One Procter & Gamble Plaza, Cincinnati, OH 
45202 (US). 

(72) Inventors: MAJETI, Satyanarayana; 8305 Cheiry Lau- 
rel Drive, Middletown, OH 45044 (US). RENO, Eliza- 
beth, Ann, Brown; 5553 Venus Lane, Fairfield, OH 45014 
(US). KOVACS, Stephen, Andras; 112 Ravinewood Ter- 
race, Loveland, OH 45140 (US). OLIER, Philippe; 177, 
Grande rue de la Guillotiere, F-69007 Lyon (PR). GLAN- 
DORF, William, Michael; 6933 Keeneland Way, Mason, 
OH 45040 (US). 

(74) Agents: REED, T^ David et al.; The Procter & Gam- 
ble Company, 61 10 Center Hill Rd., Cincinnati, OH 45224 
(US). 



(81) Designated States (national): AE, AG, AL, AM, AT (util- 
ity model), AT, AU, AZ, BA, BB, BG, BR. BY, BZ, CA, 
CH, CN, CO, CR, CU, CZ (utility model), CZ, DE (util- 
ity model), DE. DK (utility model), DK, DM, DZ, EC, EE 
(utility model), EE. ES, ¥1 (utility model). FX, GB, GD, GE. 
GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, 
LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, 
MW, MX, MZ, NI, NO, NZ, OM, PH, PL, PT, RO, RU, 
SC, SD, SE, SG, SK (utility model), SK, SL, TJ, TM, TN, 
TR. TT, TZ, UA, UG, UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM. AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK. EE, 
ES, FT, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, 
SE, SI, SK, TR), OAPI patent (BF, BJ. CF, CG, CI, CM, 
GA, GN. GQ, GW. ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) rule: ORAL CARE COMPOSITIONS COMPRISING DICARBOXY FUNCTIONALIZED POLYORGANOSILOXANES 



^ (57) Abstract: Disclosed are compositions and methods for treating and modifying surfaces and for enhancing delivery of active 
^ agents to surfaces treated with the compositions, which comprise siloxane polymers functionalized with pendant moieties comprising 
anionic groups, specifically carboxylic acid groups. When applied to a suitable surface, the present composition comprising the car- 
^N,^ boxy functionalized siloxane polymers forms a substantially hydrophobic coating on the treated surface. These polymers effectively 
deposit on surfaces that have cationic sites, which are capable of forming bonds or linkages with the anionic groups of the polymer, 
00 The treated surface becomes hydrophobic due to the deposition of the carboxy functionalized siloxane polymer, which then imparts 
^ a variety of end use benefits to that surface such as ease of cleaning, stain removal and prevention, whitening, etc. The carboxy func- 
tionalized siloxane polymer further acts as a carrier to deposit active agents onto the surface and to improve retention and efficacy 
of said actives on the treated surface. The present compositions are useful in a variety of applications including oral care, hair and 
skin care, personal care, cosmetics, and fabric and hard surface cleaning and conditioning. Examples are oral compositions for use 
in cleaning and whitening of natural teeth and dental prosthesis; for preventing, reducing or removing plaque, calculus and surface 
^ deposited stains on teeth; and for providing shine, smoothness and positive feel benefits to teeth, the compositions comprising at 
least about 0.1% by weight of a dicarboxy functionalized siloxane polymer in a fomiulation that effectively deposits the polymer to 
teeth and other oral surfaces. 



wo 03/094877 



1 



PCT/US03/14694 



ORAL CARE OOMPOSIHONS COMPRISING DICARBOXY FUNCTIONALIZED 

POLYOROANOSILOXANES 

EDSLD OF THE INVENTION 
This invention provides compositions and metiiods for treating and modifying surfaces 
and for enhancing delivery of active agents to surfaces treated with the conq)Ositions which 
comprise siloxane polymers fimctionalized with pendant moieties comprising anionic groups, 
specifically carboxy groups. When applied to a suitable surface, the present composition 
con5)rising the carboxy fimctionalized siloxane polymers forms a substantially hydrophobic 
coating on the treated surface. These polymers effectively deposit on surfaces that have cationic 
sites, which are capable of forming bonds or linkages with the anionic groups of the polymer. 
The treated surface becomes hydrophobic due to the deposition of the carboxy fimctionalized 
' siloxane polymer, which then imparts a variety of end use benefits to that surface such as ease of 
cleaning, stain removal and prevention, whitening, etc. The carboxy fimctionalized siloxane 
polymer furthra: acts to enhance deposition of active agents onto the surface and to improve 
retention and efficacy of tiiese actives on the treated surface. The present conqwsitions are usefiil 
m a variety of applications including oral care, hair and skm care, personal care, cosmetics, and 
fabric and hard surface cleanmg and conditioning. 

BACKGROUND OF THE INVENTION 

It is desirable to have a means to modify surfaces in order to impart properties to such 
surfaces including ease of cleaning; resistance to soiling, staining and adherence of bacteria and 
other unwanted deposits; water repellency; as well as appearance and textural benefits including 
whitening, glossiness, softness, smoothness and lubricity. While the art is replete with a myriad 
of products aimed at providing one or more of these benefits, there continues to be a search for 
improved means to deliver these benefits. 

In particular, modifying surfaces to be hydrophobic, is advantageous in providing the 
aforementioned benefits. For exanq)le, hydrophobic surfaces tend to repel most soils and stains 
and would thus be easier to clean. Surfaces such as fabrics, ceramics, porcelain, glass and teetii 
can be hydrophobically modified for ease of cleaning and anti-staining benefits. A hydrophobic 
coatmg on fabrics, paper, leather, skin and hair would also provide desirable textural 
characteristics includuig softness, smoothness and lubricity. 
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Silicone oils including the polyalkylsiloxanes such as polydimethylsiloxanes (PDMS), 
because of their hydrophobic natuie» have been suggested for inclusion for example in oral 
hygiene preparations to inhibit the adhesion of food particles, cellular debris and plaque 
precursors to teeth such as described in U.S. Patent Nos. 5,032,387; 5,165,913; 5,057,308 all to 
Hill, et al. US Patent No. 5,422,098 to Rolla et al. discloses dentiftices conqnising a liquid 
silicone oil, siK;h as PDMS, and a fat-soluble antibacterial agent dissolved therem, which is 
described as being useful for protecticm of teeth against plaque formation due to a slow release of 
antibacterial agent into the saliva. However, PDMS polymers have not generally been used 
successfully for coating the teeth because of poor adhesion and retention of the PDMS on tooth 
surfaces. To hnprove the adherence of the silicone on surfaces, it has been suggested to modify 
the silicone by addition of functional groups such as carboxy, anhydride, polyol and amino 
groups. Such modified silicones have been suggested for modifying various surfaces; including 
fibers, textiles, leather, hair and skin, teeth, paper, plastic, wood, metal, glass, stone and concrete. 
For example, aminoalkyl silicones are described in US Patent Nos. 5,078,988; 5,154,915; 
5,188,822; and 5,427,770, all assigned to Chesebrough-Ponds and in US Patent Nos. 6,153,567; 
6,129,906 and 6,024,891, all assigned to Procter & Gamble. Carboxyl or anhydride group 
containing siUcones are disclosed in US Patent Nos. 4,501,619; 4,563,347; 4,587,320; 4,944,978; 
5,063,044 5,280,019, all assigned to Dow Coming; in US Patent No. 4,857,212 assigned to Toray 
SiUcone; US Patent Nos. 4,701,269; 4,931,062; 5,702,490 and 6,007,801, all assigned to BASF; 
US Patent No. 4,658,049 assigned to Chisso; US Patent No. 4,844,888 assigned to Gillette; US 
Patent Nos. 5,248,783 and 5,296,625 both assigned to Siltech; US Patent Nos. 5,015,700 and 
5,504,233 assigned to Wacker Chemie; IP Patent Publication No. 04/120014 and US Patent No. 
5,210,251 assigned to Kao; US Patent No. 4.876,152 assigned to PPG; US Patent No. 4,342,742 
assigned to L'Oreal and US Patent Nos. 5,536,304 and 5,888,491, both assigned to 3M. 
Dimethicone copolyols are disclosed in US Patent Nos. 5,759,523; 5.827,505; 5,856,282; 
6,004,538 and 6,129,906 aU assigned to Procter & Gamble. 

Even with the substantial body of work in this area, there continues to be a search for 
substantive polymers that can be deposited onto surfaces to modify the characteristics of these 
surfaces thereby providing a variety of the aforementioned benefits thereon. The present 
invention thus provides surface modifying substantive siloxane polymers and compositions 
comprising fliese polymers, which find utility, for exan5>le, in applications for die care of teefli 
and other surfaces of the oral cavity. 

Human teeth are constructed with an inner soft layer called dentin and an out^ hard layer 
called enamel that protects the inner structure. The enamel layer of teeth is naturally a translucent 
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white or slightly off-white color. Under typical conditions, the enamel surface is coated with a 
thin layer of salivary proteins called pellicle. Either the enamel or pellicle or both can be 
discolored or stained and present to the outside an undesirable appearance. Further, the enamel 
layer of teeth is largely made of hydroxyapatite mineral crystals that create a porous surface 
structure, tt is believed that the porous nature of enamel is what allows staining components and 
discoloring substances to penetrate into the tooth structure making it appear stained. Tooth 
discoloration is either extrinsic, on the enamel/pellicle, or mtcinsic, penetrating the enamel and 
dentin or both. 

Effective cleanmg of the oral cavity to ensure oral cavity health requires control of dental 
plaque and calculus. The formation of dsatsl plaque and calculus is the primary source of dental 
caries, gingivitis, periodontal disease, and tooth loss. Dental plaque is a mixed matrix of bacteria, 
epithelial cells, leukocytes, macrophages and other oral exudate. Bacteria comprise 
approximately three-quarters of the plaque matrix. Any given saiaple of dental plaque could 
contam as many as 400 different varieties of microorganisms. This mix includes both aerobic and 
anaerobic bacteria, fungi, and protozoa. Viruses have also been found in samples of dental 
plaque. 

This matrix of organisms and oral exudate continues expanding and coalesces with other 
plaque growths situated nearby. The bacteria synthesize levaris and glucans from sucrose found 
in the oral cavity providing energy for the microorganisms. These glucans, levans, and 
microorganisms form an adhesive skeleton for the continued proliferation of plaque. 

Plaque, in tum, acts as a nucleus for the formation of calculus. Dental calculus or tartar 
as it is sometimes called, is a deposit, which forms on the surfaces of the teeth at the gingival 
mar^. Supragingival calculus appears principally in the areas near the orifices of the salivary 
ducts; e.g., on the lingual surfaces of the lower anterior teeth and on the buccal surfeces of the 
upper first and second molars, and on the distal surfaces of the posterior molars. Mature calculus 
consists of an inorganic portion which is largely calcium phosphate arranged in a hydroxyapatite 
crystal lattice structure similar to bone, enamel and dentine. An organic portion is also present and 
consists of desquamated epithelial cells, leukocytes, salivary sediment, food debris and various 
types of microorganisms. Developing plaque can also adhere most easily at relativdy irregular 
surfeces, such as those afforded by calculus. As calculus matures and hardens, it becomes visibly 
white or yellowish in color unless stained or discolored due to the absorption of dietary 
chromagens. In addition to being unsightiy and undesirable from an aesthetic standpoint, the 
mature calculus deposits are constant sources of irritation of the gingiva. 
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The failure to letaid or stop the proliferation of plaque and calculus is detrimental to oral 
health. Plaque and calculus formation may lead to dental caries, gingival inflamination, 
periodontal disease, and ultimately tooth loss. Additionally, calculus and plaque along with 
behavioral and environmi^tal factors lead to formation of dental stams, significantly affecting the 
aesthetic appearance of teeth. Behavioral and environmental factors that contribute to teeth 
staining propensity include regular use of coffee, tea, cola or tobacco products, and also the use of 
stain promoting oral products, such as chlorfaexidme. 

The present compositions conqnising specific caiboxy fiinctionalized siloxane polymers 
provide antiplaque, anticalculus and antistain benefits by dqK)siting a hydrophobic coating on 
teeth, the hydrophobic coating being retained thereon for a sufficient period of time to provide 
resistance to soiling, staining and adherence of bacteria and other unwanted deposits. In addition, 
the present compositions provide enhanced delivery and retention of oral care actives such as 
bleaching agents to tooth surfaces, and thus, improved whitening and stain removal 

SUMMARY OF THE INVENTION 

The present invention provides oral compositions for use in cleaning and whitening of 
natural teeth and dental prosthesis and for preventing, reducing or removing plaque, calculus and 
surface deposited stains on teeth, the compositions conqsrising at least about 0.1% by weight of a 
carboxy functionalized siloxane polymer in a formulation that effectively deposits the polymer to 
teeth and other oral surfaces, forming a substantive coating having prolonged retention thereon. 
The present polymers comprise a hydrophobic siloxane backbone having pendant moieties 
containing carboxy groups, and have the ability to deposit onto polar surfaces, i.e., having 
cationic sites. The compositions may be aqueous or essentially non-aqueous based and may 
further comprise one or more oral care actives such as teeth whitening agents mcludmg bleaches 
and color modifying agents, antimicrobials, enzymes, fluoride, desensitiring agents, and flavors. 
Ibis invention further relates to methods of cleaiung and whitening natural teeth and dental 
prosthesis; preventing, reducing or removing plaque, caries, tartar, and surface deposited tooth 
stains; and providing shine, smoothness and positive tooth feel benefits by administering the 
present compositions. 

These and other features, aspects, and advantages of the present invention will become 
evident to those skilled m tiie art from the followmg detailed description 

DETAILED DESCRIPTION OF THE INVENTION 

While the specification concludes with claims, which particularly point out and distinctiy 
claim the mvention, it is believed the present invention will be better understood from the 
following description. 
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All percentages and ratios used herein are by weight of the specific oral cotiq>ositiQn and 
not of the overall oral f crmulation that is delivered, unless otherwise specified. All measurements 
are made at 25 ^'C, unless otherwise specified. 

Herein* "comprising" means that other steps and other ingredients which do not affect the 
end result can be added. This term encompasses the terms ^'consisting of and "consisting 
essentially of*. 

By "oral composition*' is meant a product, which m the ordinary course of usage, is not 
intentionally swallowed for purposes of systemic administration of particular therapeutic agents, 
but is rather retained in the oral cavity for a time sufficient to contact substantially all of the dental 
surfaces and/or oral tissues for purposes of oral activity. The oral composition of the present 
mvention may be m the form of a toothpaste, dentifrice, tooth powder, tooth gel, subgingival gel, 
mouthrinse, denture product, mouthspray, lozenge, oral tablet, or chewing gunL The oral 
composition may also be incorpocated onto strips or films for direct application or attachment to 
oral surfaces. 

The term "dentifrice", as used herein, means paste, gel, or liquid formulations unless 
otherwise specified. The dentifrice composition may be a single phase composition or may be a 
combination of two or more separate dentifrice compositions. The dentifiice composition may be 
in any desired form, such as deep striped, surface striped, multilayered, having the gel 
surrounding the paste, or any combination thereof. Each dentifrice composition in a dentifiice 
con^rising two or more separate dentifiice compositions may be contained ia a physically 
separated compartment of a dispenser and dispensed side-by-side. 

The term "dispenser", as used herein, means any pump, tube, or contains suitable for 
dispensing compositions such as dentifrices. 

The term '*teedi**, as used herem, refers to natural teeth as well as artificial teeth or dental 
prosthesis. 

The term "orally acceptable carrier*' as used herein means any safe and effective materials 
for use in the compositions of the present inv^tion. Such materials include fluoride ion sources, 
anticalculus agents, buffers, abrasive polishiag matorials, p^oxide sources, alkali metal 
bicarbonate salts, ttiickening materials, humectants, water, surfactants, titanium dioxide, flavor 
system, sweetening agents, xylitol, coloring agents, and mixtures thereof. 

Herein, the terms "tartar" and "calculus" are used interchangeably and refer to 
mineralized dental plaque deposits. 

In accordance with the present invention, compositions are provided that comprise as an 
essential ingredient at least one siloxane polymer fimctionalized with carboxylic acid groups, for 
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applicadon to polar surfaces such as teeth, ceramics, skin, fabrics, hair, glass and paper. The 
compositions comprise at least about 0.1% of the caiboxy fiuictionalized siloxane polymer in a 
formulation that efifectively deposits the polymer to the treated sur£Eu:e. The present polymers 
coiiq)rise a hydrophobic siloxane backbone and pendant anionic moieties containing caiboxy 
groups and have the ability to deposit onto surfaces from aqueous-based formulations such as 
cleaning and detergent conqiositLons and from essentially non-aqueous based formulations. When 
applied to a suitable surface, the present composition comprising the carboxy functionalized 
siloxane polymers forms a substantially hydrophobic coating on the treated surface, the coating 
having prolonged retention thereon. 

The carboxy fimctioaaUzed siloxane polymers useful in the present invention are believed 
to attach themselves to polar surfaces and to form a coating thereon by electrostatic interaction, 
i.e., complex formation between the pendant carboxy groups of the polymer with cations or some 
other positively charged sites on the treated surface. For example, in the case of oral application it 
is believed the carboxy groups will interact with the calcium ions present in teeth. In the case of 
fabrics, the interaction may be with calcium ions or cellulose groups; in the case of hair or skin, 
with the protein residues; in the case of glass or ceramics, with calcium and other metal ions. 
The carboxy groups thus serve to anchor the siloxane polymer backbone onto a surface thereby 
modifying it to be hydrophobic. 

Preferably, the functional group pendant from the polysiloxane main chaiu comprises two 
carboxy groups, resulting in improved deposition and retention of the polymer particularly on 
surfaces such as teeth that contain positively charged calcium ions. The interaction between the 
carboxy groups and the tooth surface is electrostatic in nature in which the anionic carboxy groups 
form a complex with the positively charged calcium ions. 

Dicarboxy acid functionalized polyorganosiloxanes useful in the present invention have 
the formula 

X(R*R'SiO)p(R*ASi 0)qY 

wherdn 

the X end group represents a triorganosiloxyl ^id group of formula R^R^R^SiO- , or a Z end 
group wherdn Z r^resents -OH; 

the Y end group rq>resents a triorganosilyl end group of formula -SiR^^R^ or a W end group 
wherein W r^resents -H; 

r1 to R^, which may be identical or different, each represents a Imear or branched C1-C8 alkyl or 

phenyl radical, preferably methyl; 

A represents a dicaiboxy add radical of formula 
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E-C(0)OM 

-B-C!R'< 

C(0)OM 

wherein 

B represents an alkylene residue having from 2 to 30 carbon atoms, preferably from 3 to 8 
carbon atoms, optionally substituted by one or more alkyl radicals having from 1 to 30 
carbon atoms, 

R' represents a hydrogen atom or an alkyl radical having from 1 to 30 carbon 
atoms, 

E is nil or is an alkylene residue having from 1 to 5 carbon atoms, preferably from 1 to 3 
carbon atoms, optionally substituted by one or more alkyl radicals having from 1 to 30 
carbon atoms; and 

M is H, a cation or an alkyl radical having from 1 to 4 carbon atoms optionally substituted 

with hydroxy or alkoxy groups; 
p is an average value ranging from 0 to 1000, preferably from 0 to 500, more preferably from 5 to 
200; 

q is an average value ranging from 1 to 100 , preferably from 1 to 50; and 

the ratio of the nmnber of Z and W end groups to the total number of end groups X and Y ranges 

from 0/100 to 75/100, preferably from 0/100 to 30/100. 

In a preferred embodiment, the p/q ratio is from 1/3 to 99/1 (corresponding to 1-75% of 
pendant diacid groups relative to the siloxyl units), preferably from 1/1 to 10/1. The products 
where Z is -OH and/or Y is H, are by-products. 

The cation salts of the dicarboxy radical can be alkali metal (sodium, potassium, lithium) 
salts, alkaline earth metal (calcium, barium) salts, non-substituted or substituted ammonium 
(methyl-, dimethyl-, trimethyl-, or tetramethylammonium, dimethylpiperidinium) salts or can 
derive from an alkanolamine (monoethanolamine, diethanolamine, triethanolamine). 

In addition to the mono- or diester derivatives of the dicarboxy radical (M = alkyl), the 
present invention includes the amide and diamide derivatives. 

The present dicarboxy fimctionalized siloxane polymers are generally prepared by a 
hydrosUylation reaction of a polyalkylhydrogensiloxane and an alpha-olefinic anhydride, the 
precursor of the dicarboxy A groups, with the aid of an effective amount of a hydrosiiylation 
metal catalyst (platmum), as described for example, in US Patent Nos. 3,159,601; 3,159,662; and 
3,814,730, followed by hydrolysis of the anhydride groups. 



wo 03/094877 



8 



PCTAJS03/14694 



The hydrosilylation reaction can be carried out at a temperature from 20 to 200**C, 
preferably from 60 to 120 °C, preferably with the aid of a platinum KARSTEDT catalyst (from 1 
to 300 ppm, preferably from 5 to 50 ppm by weight of Pt). The relative quantities of 
polyalkylhydrogensiloxane and alpha albenyl anhydride correspond to a stoichicani^c excess of 
alpha alkenyl anhydride (at most 5 moles of alpha alkenyl anhydride per mole of 
polyalkylhydrogensiloxane, preferably at most 2 moles of alpha alkenyl anhydride per mole of 
polyalkylhydrogensiloxane. 

The hydrolysis reaction can be carried out with water at a temperature ranging from room 
temperature to ISO^'C, preferably from 40 to 120**C, with or without catalysts. Suitable catalysts 
for the reactioD can be Lewis acids such as TiCa4, ZnQj, MgOz. or Bronstedt acids or bases such 
as CH3COOH. H2SO4. HQ, KOH NaHCOa. in an amount rangmg from 0.05 to 5%. 

Preferred polymers comprise one or a combination of the following dicarboxy acid 
pendant groups: 

-<CH2)n-CH(COOM)2 
-(CH2)n-CH(COOM)-CH2COOM 
where n is from 2 to 30. 

In a preferred embodiment, the diacid pendant group A in the fiinctionalized 
polyorganosiloxane is -(CH2)3-CH(COOM)-CH2COOM and the polyn^ is prepared by a 
hydrosilylation reaction of a polyalkylhydrogensiloxane and allyl succinic anhydride followed by 
hydrolysis of the anhydride groups. Preferably, the polyallQ^lhydrogensiloxane is 
polydimethylhydrogensiloxane and the polymer is terminated with trimethylsilyl groups. 

The carboxylic acid groups provide ready bonding/binding to cationic and charged 
surfaces via electrostatic interaction, hydrogen bonding, or complexation with cations. Such 
bonding leads to ready deposition of the polymer upon application to form a coating on the treated 
surface, with charge interaction being the drivmg force, and at the same time stronger bonding 
leadmg to longer retention or durability of the coating. The polysiloxane backbone modifies the 
surface to be hydrophobic, which in5>arts properties to the surface mcluding water repellency, 
faster drying, stain repellency, ease of cleaning, softness and lubricity. Compared to non- 
fimctionalized polysiloxanes such as PDMS, the present polymers perform better not only m 
terms of ease of deposition and retention of tte coating, but also in requking lower levels and in 
being easia: to formulate and anulsify with ordmary surfactants. Evcai more advantageously, the 
preset polymers have the ability to act as a carrier for other active agents such as for exan5)le, 
teeth whitening agents including bleaches and color modifymg agents, antimicrobials, anticaries 
agents, enzymes, cosmetic mgtedients, flavors and fragrances, and can thus act as a highly 



wo 03/094877 



9 



PCT/US03/14694 



effective matrix for sustained release of tbe active agents to the surface where their activity is 
needed. Another important advantage of the polymer coating is substantivity or the abi£ty to bind 
or adhere to a surface for a prolonged period of time. Specifically, substantivity relates to the 
ability of the polymer coating to be retamed on the treated surface thereby acting as protective 
barrier to prevent active agents deposited thereon from being lapidly washed away. Substantivity 
is bxportant because it allows for prolonged contact of the active agents with the surface being 
treated. The result is enhancement of the bleaching, antimicroUal, anticaries or other active effect 
deliveied to the surface. The present invention provides oral care conq)ositions that deposit a 
substantive hydrophobic coating on teeth or other oral surface that is retained for a sufficient 
period of time to deliver the desured benefit particularly with repeated use. 

In particular, with respect to bleach delivery from a daily use oral care composition such 
as dentifiice or mouthrinse, the present polymers having a l^drophobic polysiloxane backbone 
and pendant moieties containing dicarboxy groups are uniquely suited to facilitate delivery and 
retention of the bleaching agent on teeth for a period of time sufficient to provide a noticeable 
whitening benefit, particularly with repeated use of the compositions. Applicants have found 
tiiat conventional dentifrices containing bleach are generally meffective at providing a whitening 
benefit because the bleach is not retained on teeth for a long enough period. The present method 
of using a substantive polymer to deposit and retain the bleaching agent for a prolonged contact 
time thus represents a novel approach. 

Notwithstanding the specific polysiloxane structures described herein, it is expected that 
other hydrophobic polymers suitably fimctionalized to deposit and adhere to teeth and to 
facilitate delivery and retention of bleach actives would provide the desired whitening benefit. 
By "suitably fimctionalized*' is meant that the polymer contains functional groups that would 
mteract with the tooth surface such as by complexation with calcium ions to form a substantive 
hydrophobic coating thereon. By forming a "substantive hydrophobic coating** on a surface is 
meant that the hydrophobic character of the sur&ce is increased as measured, for examgle, by an 
increase m the water contact angle of the surface of at least about 15 degrees and the mcreased 
hydrophobic character is maintained for a period of at least about 5 minutes. For example, the 
water contact angle of dental enamel after treatment with a conq)osition comprising the present 
dicarboxy fimctionalized polysiloxane may increase by about 20 degrees up to about SO degrees 
depending on a number of factors including pH, the condition of die oral enviromnent and tooth 
surfEice characteristics . 

In one aspect flie present invention provides oral care compositions for daily use 
comprising m an orally acceptable carrier at least about 0.1% of a dicarboxy fimctionalized 
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siloxane polymer that deposit a hydrophobic coating on teedi, which coating is retained for a 
period of at least about 5 minutes up to about eight hours following each use. The present oral 
compositions provide enhanced overall cleaning, mhibition of plaque, whitening, stain removal 
and prevention of staining of natural teeth and dental prosthesis. Without wishing to be limited to 
a particular mechanism of action, it is believed the carboxy groups of the present funcdonalized 
siloxane polymer. con?)lex with the positively charged calcium ions present on the toofli surface. 
The calcium/polymer complex is particularly stable when the polymer contains at least two 
carboxy groups to complex with divalent calcium ions forming 5-, 6- and 7-membered ring 
structures. Such con5>lex formation is the driving force for deposition and retention of the 
polymer coating onto teeth. It is believed that the polymer coating on the teeth acts as abarrier to 
preveat stainmg and plaque formation. Color bodies or staining materials such as polyphenolic 
conq)Ounds (catechols and tannins) are constitueats of various dietary products such as tea, coffee, 
wme, cola, and a vari^ of firuits and berries- Consunq)tion of these dietary products is known to 
cause deposition of staining materials on teeth. When the present compositions are applied to the 
oral cavity such as by toothbrushing or by rinsing, a hydrophobic siloxane polymer coating is 
deposited onto teeth. Thus when color bodies are mtroduced in the oral cavity, they contact the 
siloxane polymer coating instead of the tooth surface, thereby preventing stain from forming on 
teeth. Freshly formed plaque can also be prevented from forming on teeth and the polymer 
coating additionally inhibits the ability of plaque to absorb colored components from ingested 
products such as tea, beer, red wines, etc. and form stain on teeth. 

Further, the present dicarboxy fimctionalized polymers have the ability to act as a carrier 
for oral care actives such as bleaches and other teeth whitening agents, antimicrobials, fluoride, 
desensitizing agents, and flavors and to facilitate deposition and retention of these actives onto the 
oral surfaces where they can perform then intended function. It is believed the polymer coating 
also acts as a protective barrier that retains the oral care active in close contact wifli the oral 
surface thereby ensuring that the activity such as bleaching or antimicrobial e£Fect lasts longer. 
Effective bleaching will remove stams and lead to whiter teetii. Enhanced retention of 
antmiicrobials on the oral surfaces will result m reducing the oral microorganisms that are 
causative agents of, or associated with, various dental diseases, including gingivitis, periodontal 
disease, and dental plaque. 

Accordingly in a further aspect of the invention, there is provided a composition for use 
in overall cleaning, whitening, removing stain and preventing stain build-up on human teeth and 
dental prosthesis conprising the combination of at least about 0.1% of a carboxy-functionalized 
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siloxane polymer and ftom about 0.1% to about 20.0% teeth whitening agent, preferably ftom 
about 1% to about 10% teeth whitening agent m an orally acceptable carrier. 

A suitable copolymer for use in the present invention is a siloxane polyma: with propyl 
succinic acid pendant groups and having an average molecular weight (AMW) ranging from 
about 300 to about 300.000 available from Rhodia, Preferred polymers are those with an average 
molecular weight ranging from 1000 to 100,000 and having from about 1% to 75% of pendant 
diacid groups relative to the siloxyl units. The polymer is mcorporated in the present dentifrice, 
rinse, chewing gum and the like con?)OsitiQns at about 0.1% to about 20% by weight, preferably 
from about 0.5% to about 5% by weight. Greater amounts up to about 80% may be used for oral 
gels such as paint-on or leave-on gels or for denture adhesives. 

Teeth whitening actives that may be used in the oral care compositions of the present 
invention include bleachmg or oxidizing agents such as peroxides, perborates, percarbonates, 
peroxyacids, persulfetes, metal chlorites, and combinations thereof. Suitable peroxide compounds 
include hydrogen peroxide, urea peroxide, calcium peroxide, and mixtures thereof. A preferred 
percarbonate is sodium percarbonate. Other suitable whitening agents include potassium, 
ammonium, sodium and lithium persulfates and perborate mono- and tetrahydrates, and sodium 
pyrophosphate peroxyhydrate. Suitable metal chlorites mclude calcium chlorite, barium chlorite, 
magnesium chlorite, lithium chlorite, sodium chlorite, and potassium chlorite. The preferred 
chlorite is sodium chlorite. Additional whitening actives may be hypochlorite and chlorine 
dioxide. 

The oral composition of the preset invention may be in the form of a dentifrice, 
toothpaste, tooth powder, topical oral gel, mouthrinse, denture product, mouthspray, lozenge, oral 
tablet, or chewmg gum. The oral conq)osition may also be mcorporated onto strips or films for 
direct application or attachment to oral surfaces. 

The present oral care compositions in aqueous form will optimally have a pH rangmg 
from about 4.0 to about 10.0. Preferred pH of flie compositions is from about 5.0 to about 8.0. 

In addition to tiie components described above, the present oral care compositions may 
comprise additional con5)onents, which are described in the following paragraphs. 

ORALLY ACCEP TABLE CARRIER 

The orally acceptable carrier comprises one or more compatible solid or liquid filler 
diluents or racapsulating substances, which are suitable for topical oral admmistration. By 
"compatible," as used herein, is meant that the components of the composition are capable of 
being conmiingled without mteraction m a manner which would substantially reduce the 
con[q)Osition's stability and/or efficacy. 
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The carriers or excipients of the present invraitioii can include the usual and conventional 
components of dentifrices (including non-abrasive gek and gels for subgingival application), 
mouth rinses, mouth sprays, chewing gums, and lozmges (includmg breath mints) as more fidly 
described heieinafta. 

The choice of a carrier to be used is basically determhied by tiie way flie conq>osition is to 
be introduced uilo the oral cavity. If a toothpaste (including tooth gels, etc.) is to be used, then a 
"toothpaste carrier" is diosen (conqwising e.g., abrasive materials, sudsing agents, binders, 
humectants, flavoring and sweetemng agents, eta.) as disclosed hi e.g., U.S. Pat Na 3,988,433, to 
Baiedict. If a mouth rinse is to be used, tiien a "mouth rinse carriw" is chosen (comprismg e.g., 
water, flavoring and sweetemng agraits, etc.), as disclosed in e.g., U.S. Pat No. 3.988.433 to 
Benedict. Similarly, if a mouth spray is to be used, flien a "moufli spray carrier" is chosai or if a 
lozenge is to be used, tiien a "lozenge cancio:" is chosen (e.g., a candy base), candy bases bang 
disclosed m, e.g.. U.S. Pat No. 4,083,955. to Grabenstetter et al.; if a chewing gum is to be used, 
a "chewmg gum carrier" is chosai (comprising e.g., gum base, flavoring and sweetening agents), 
as disclosed in e.g., U.S. Pat No. 4,083,955, to Grabenstetter et al. If a sachet is to be used, then 
a "sachet carrier" is chosen (e.g., sachet bag, flavoring and sweetening agents). If a subgingival 
gel is to be used (for delivery of actives into the periodontal pockets or around the periodontal 
pockets), tiien a "subgingival gel carrier" is chosen as disclosed in, e.g.. U.S. Pat Nos. 5,198,220, 
issued March 30, 1993 and 5,242,910, issued Sept 7, 1993, botii to Damani. Otiier useful carriers 
include biphasic dentifrice formulations such as tiiose disclosed m U.S. Patoits 5.213,790. issued 
May 23, 1993. 5,145,666, issued September 8, 1992, and 5,281,410 issued January 25, 1994 all to 
Lukacovic et al. and in U. S. Patents 4,849.213 and 4,528,180 to Schaeffer. Carriers suitable for 
tiiepreparationof compositions oftiiepresentinventionare well known in the art Their selection 
will depend on secondary considerations like taste, cost, and shelf stability, etc. 

The con?)Ositions of flie present mvenfiwi may be in flie form of non-abrasive gels, 
mcluding subgin&val gels, which may be aqueous or non-aqueous. Aqueous gels generally 
mclude a fliickemng agent (from about 0.1% to abaat 20%), a humectant (from about 10% to 
about 55%). a flavoring agent (from about 0.04% to about 2%), a sweetening agent (from about 
0.1% to about 3%), a coloring agent (from about 0.01% to about 0.5%). and tiie balance water. 
The compositions may comprise an anticaries agent (from about 0.05% to about 0.3% as fluoride 
ion), and an anticalculus agent (from about 0.1% to about 13%). 

Con5)ositions of tiie subject mvention may also be m tiie form of dentifrices, such as 
tootiipastes, tootii gels and toofli powders. Components of such tootiipaste and tootii gek 
generally mdude one or more of a deaital abrasive (from about 5% to about 50%). a surfactant 



wo 03/094877 



13 



PCT/US03/14694 



(from about 0.5% to about 10%), a thickening agent (from about 0.1% to about 5%), a humectant 
(from about 10% to about 55%). a flavoring agent (fiiom about 0.04% to about 2%), a sweetening 
agent (fixm about 0.1% to about 3%), a coloring agent (from about 0.01% to about 0.5%) and 
water (from about 2% to about 45%). Such toothpaste or tooth gel may also include one or more 
of an anticaries agent (fr:om about 0.05% to about 0.3% as fluoride ion), and an anticalculus agent 
(from about 0.1% to about 13%). Tooth powdm, of course, contain substantially all non-liquid 
components. 

Other preferred compositions of the subject invention are mouthwashes, including mouth 
sprays. Components of such mouthwashes and mouth sprays typically include one or more of 
water (from about 45% to about 95%), ethanol (from about 0% to about 25%), a humectant (from 
about 0% to about 50%), a surfactant (from about 0.01% to about 7%), a flavoring agent (from 
about 0.04% to about 2%), a sweetenmg agent (from about 0.1% to about 3%), and a coloring 
agent (from about 0.001% to about 0.5%). Such mouthwashes and mouth sprays may also 
include me or more of an anticaries agent (from about 0.05% to about 0.3% as fluoride ion), and 
an anticalculus agent (from about 0.1% to about 3%). 

Other preferred compositions of the subject invention are dental solutions including 
irrigation fluids. Components of such dental solutions generally include one or more of water 
(from about 90% to about 99%), preservative (from about 0.01% to about 0.5%), thickening agent 
(from 0% to about 5%), fliavoring agent (from about 0.04% to about 2%), sweetening agent (from 
about 0.1% to about 3%), and surfactant (from 0% to about 5%). 

Chewing gum conopositions typically include one or more of a gum base (from about 
50% to about 99%), a flavoring agent (from about 0.4% to about 2%) and a sweetening agent 
(from about 0.01% to about 20%). 

Hie term *lozenge** as used herein includes: breath mints, troches, pastilles, 
microcapsules, and fast-dissolving solid forms including freeze dried forms (cakes, wafers, thin 
films, tablets) and compressed tablets. The term 'Yast-dissolving solid form'* as used herein means 
that the solid dosage form dissolves in less than about 60 seconds, preferably less than about 15 
seconds, more preferably less than about 5 seconds, after placing the solid dosage form in the oral 
cavity. Fast-dissolving solid forms are disclosed in commonly-assigned WO 95/33446 and WO 
95/11671; U.S. Patent 4,642,903; U.S. Patent 4,946,684; U.S. Patent 4,305,502; U.S. Patent 
4,371,516; U.S. Patent 5,188,825; U.S. Patent 5,215,756; U.S. Patent 5,298,261; U.S. Patent 
3,882, 228; U.S. Patent 4,687,662; U.S. Patent 4,642,903. 

Lozenges include discoid-shaped solids comprising a therapeutic agent in a flavored base. 
The base noay be a hard sugar candy, glycerinated gelatin or combination of sugar with sufficient 
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mucilage to give it form These dosage forms are geaeraUy described in Remiag^ The Science 
and Practice of Pharmacy, 19^^ Ed., Vol H Chapter 92. 1995. Lozenge compositions 
(coii5)ressed tablet type) typically include one or more fillers (conq)ressible sugar), flavoring 
agpnts, and lubricants. NEcrocapsules of the type contemplated herdn are disclosed in U.S. Pat 
No. 5.370,864, Peterson et al., issued Dec. 6, 1994. 

Li still another aspect, the invention provides a dental implement impregnated with flie 
present composition. The dental inq)lement comprises an m5)lement for contact with teedi and 
other tissues m the oral cavity, said unplement befaig impregnated with a corn)Osition comprising 
the present dicarboxy functionalized siloxane polymer. The dental implement can be impregnated 
fibffs including dental floss or tape, chips, strips, films and polymer fibers. 

Types of carriers or oral care exdpients, which may be included m conq>ositions of the 
present invention, along with specific non-limiting examples, are the following. 
Abrasives 

Dental abrasives useful in the topical, oral carriers of the compositions of the subject 
invention include many different materials. The material selected must be one which is 
coiiq)atible within the composition of interest and does not excessively abrade dentin. Suitable 
abrasives include, for exan^le, silicas including gels and precipitates, insoluble sodium 
polymetaphosphate, hydrated alumina, calcium carbonate, dicalcium orthophosphate dihydrate, 
calcium pyrophosphate, tricalcium phosphate, calcium polymetaphosphate, and resinous abrasive 
materials such as particulate condensation products of urea and formaldehyde. 

Another class of abrasives for use in the present compositions is the particulate thermo- 
setting polymerized resin as described in U.S. Pat. No. 3,070.510 issued \o Cooley & 
Grabenstetter on Dec. 25, 1962. Suitable resins include, for exanq^le, melammes, phenolics, 
ureas, melamine-ureas, melamme-formaldehydes, urea-formaldehyde, melamine-urea- 
formaldehydes, cross-linked epoxides, and cross-linfced polyesters. 

SiUca dental abrasives of various types are preferred because of their unique benefits of 
exceptional dental cleaning and polishmg performance without unduly abrading tooth enamel or 
^ dentine. The silica abrasive polishing materials herein, as well as other abrasives, generally have 
an average particle size ranging between about 0.1 to about 30 microns, and preferably from about 
5 to about 15 microns. The abrasive can be precipitated silica or silica gels such as the silica 
xerogels described in Pader et al., U.S. Patent 3,538,230, issued Mar. 2, 1970, and DiGiuHo, U.S. 
Patent 3,862,307, issued Jan. 21, 1975. Preferred are the siUca xerogels marketed under the trade 
name "Syloid" by the W.R. Grace & Company, Davison Chemical Division. Also preferred are 
the precipitated silica materials such as those marketed by the J. M. Huber Corporation under the 
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trade name, Zeodent®, particularly the silicas carrying the designation Zeodent® 119, Zeodent® 
118, Zeodent® 128, Zeodent® 109 and Zeodent® 129. The types of silica dental abasives useful 
in the toothpastes of the present invention are described m more detail in Wason, U.S. Patent 
4,340,583, issued July 29, 1982; and in commonly-assigned US Pat Nos. 5,603,920, issued on 
Feb. 18, 1997; 5.589,160, issued Dec. 31, 1996; 5,658,553, issued Aug. 19. 1997; 5,651,958. 
issued July 29, 1997; 5,716,601, issued Feb. 10. 1998 and U.S. Provisional AppUcation Serial No. 
60/300766, filed June 25, 2001. 

Mixtures of abrasives can be used. The total amount of abrasive m dentiftice 
compositions of the subject mvention preferably range from about 6% to about 70% by weight; 
toothpastes preferably contain from about 10% to about 50% of abrasives, by weight of the 
conq)Osition. Solution, mouth spray, mouthwash and non-abrasive gel compositions of the 
subject invention typically contain no abrasive. 
Surfactants 

One of the optional agents of the present invention is a surfactant, preferably one selected 
from the group consisting of sarcosinate surfactants, isethionate surfactants and taurate 
surfactants. Preferred for use herein are alkali metal or ammonium salts of these surfactants. 
Most preferred herein are the sodium and potassium salts of the following: lauioyl sarcosinate, 
myristoyl sarcosinate, palmitoyl sarcosinate, stearoyl sarcosinate and oleoyl sarcosinate. 

This surfactant can be present in the compositions of the present invention from about 
0.1% to about 2.5%, preferably from about 0.3% to about 2.5% and most preferably from about 
0.5% to about 2.0% by weight of the total composition. 

Other suitable compatible surfactants can optionally be used or in combination with the 
sarcosinate surfactant in the compositions of the present invention. Suitable optional surfactants 
are described more fully in U.S. Patent 3,959,458, May 25, 1976 to Agricola et al.; U.S. Patent 
3,937,807, February 10, 1976 to Haefele; and U.S. Patent 4,051.234, Sqrteniber 27, 1988 to 
Gieske et al. 

Preferred anionic surfactants useful harein include the water-soluble salts of alkyl sulfates 
having from 10 to 18 carbon atoms in the alkyl radical and the water-soluble salts of sulfonated 
monoglycerides of fatty acids having from 10 to 18 carbon atoms. Sodium lauryl sulfate and 
sodium coconut monoglyceride sulfonates are examples of anionic surfactants of this type. 
Mixtures of anionic surfactants can also be utilized. 

Preferred cationic surfactants useful in the present mvention can be broadly defined as 
derivatives of aliphatic quaternary ammonium compounds having one long alkyl chain containing 
from about 8 to 18 carbon atoms such as lauryl trimethylanunonium chloride; cetyl pyridinium 



wo 03/094877 



16 



PCT/US03/14694 



cMoride; cetyl trimethylanmomum bromide; di-isobutylphenoxyethyl-^iiniethylb«izylainnK) 
chloride; coconut alkyltrimethylammonium nitrite; cetyl pyridinium fluoride; etc. Prefeired 
compounds are the quaternary ammonium fluorides described in U.S. Palait 3,535,421, October 
20, 1970, to Briner et al., where said quaternary ammonium fluorides have det^gent properties. 
Certain cationic surfactants can also act as germicides in the conqjositions disclosed herein. 
Cationic surfactants such as chloifaexidine, although suitable for use in the current inv^tion, are 
not preferred due to their capacity to stain the oral cavity's hard tissues. Persons skilled in the art 
are aware of this possibility and should incorporate cationic surfactants only with fliis limitation in 
mind. 

Preferred nonionic surfactants that can be used in the compositions of the present invention 
can be broadly defined as compounds produced by the condensation of alkylene oxide groups 
(hydrophilic in nature) with an organic hydrophobic compound which may be aliphatic or 
alkylaromatic in nature. Exan?>les of suitable nonionic surfactants include the Pluronics, 
polyethylene oxide condensates of alkyl phenols, products derived from the condensation of 
ethylene oxide with the reaction product of propylene oxide and ethylene diamine, ethylene oxide 
condensates of aliphatic alcohols, long chain tertiary amine oxides, long chain tertiary phosphine 
oxides, long chain dialkyl sulfoxides and mixtures of such materials. 

Preferred zwitterionic synthetic surfactants useful in the present invention can be broadly 
described as derivatives of aliphatic quatemary ammonium, phosphonium, and sulfonium 
compounds, in which tiie aliphatic radicals can be straight chain or branched, and wherein one of 
the aliphatic substituents contains from about 8 to 18 carbon atoms and one contains an anionic 
water-solubilizing group, e.g., carboxy, sulfonate, sulfate, phosphate or phosphonate. 

Preferred betaine surfactants are disclosed in U.S. Patent 5,180,577 to Polefka et al., issued 
January 19, 1993. Typical alkyl dimethyl betaines include decyl betaine or 2-(N-decyl«NJI- 
dimethylammonio) acetate, coco betaine or 2-(N-coco-N,N-dimediyl ammonio) acetate, myristyl 
betaine, palmityl betaine, lauryl betaine. cetyl betaine, cetyl betaine, stearyl betame, etc. The 
amidobetaines are exen^lified by cocoamidoethyl betaine, cocoamidopropyl betaine, 
lauramidopropyl betaine and the like. The betaines of choice are preferably the cocoamidopropyl 
betaine and, more preferably, the lauramidopropyl betaine. 
Anticalculus Agent 

The present compositions may also mclude an anticalculus agent, preferably syntiietic 
anionic polymers, including polyaaylates and copolymers of maleic anhydride or add and metiiyl 
vinyl etiier (e.g., Gantrez), as described, for example, in U.S. Patent 4,627.977, to GafEar et al.; as 
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well as, e.g., poly amino propane sulfonic acid (AMPS), zinc citrate trihydrate, polypeptides (such 
as polyaspartic and polyglutamic acids), and mixtures thereof. 

Another preferred optional agent is a chelating agent such as tartaric acid and 
pharmaceutically-acceptable salts th^:eof, citric acid and alkali metal citrates and mixtures 
thereof. Chelating agents are able to con^lex calcium found in the cell walls of the bacteria. 
Chelating agents can also disrupt plaque by renaoving calcium firom the calcium bridges which 
help hold this biomass intact. However, it is not desired to use a chelating agent which has an 
affinity for calcium that is too high, as this may result in tooth demineralization, which is contrary 
to the objects and intentions of the present invention. 

Sodium and potassium citrate are the prefrared alkali metal citrates, with sodium citrate 
being the most preferred. Also preferred is a citric acid/alkali metal citrate combination. 
Preferred herem are alkali metal salts of tartaric acid. Most preferred for use herein are disodium 
tartrate, dipotassium tartrate, sodium potassium tartrate, sodium hydrogen tartrate and potassium 
hydrogen tartrate. The amounts of chelating agent suitable for use in the preset invention are 
about 0.1% to about 2.5%, preferably from about 0.5% to about 2.5% and more preferably from 
about 1.0% to about 2.5%. Hie tartaric acid salt chelating agent can be used alone or in 
combination with other optional chelating agents. Preferably these chelating agents have a 
calcium binding constant of about 10^ to 10^ to provide improved cleaning with reduced plaque 
and calculus formation. 

Still another possible group of chelatmg agents suitable for use in the present invention are 
the anionic polymeric polycarboxylates. Such materials are well known m flie art, being 
employed m the form of their free acids or partially or preferably fully neutralized water soluble 
alkali metal (e.g. potassium and preferably sodium) <m: ammonium salts. Preferred are 1:4 to 4:1 
copolymers of maleic anhydride or acid with another polymerizable ethylenically unsaturated 
monomer, preferably methyl vinyl ether (methoxyethylene) having an average molecular weight 
(AMW) of about 30,000 to about 1,000,000. These copolymers are available for example as 
Gantrez AN 139 (AMW 500.000), AN 119 (AMW 250,000) and preferably S-97 Pharmaceutical 
Grade (AMW 70,000), of GAP Chemicals Corporation. 

Other operative polymeric polycarboxylates include those such as the 1:1 copolymers of 
maleic anhydride with ethyl acrylate, hydroxyethyl methacrylate, N-vinyl-2-pyTrolidone, or 
etiiylene, the latter being available for example as Monsanto EMA No. 1103, AMW 10.000 and 
EMA Grade 61. and 1:1 copolymers of acrylic acid witii methyl c»: hydroxyefliyl methacrylate. 
methyl or ethyl acrylate. isobutyl vmyl ether or N-vinyl-2-pyrrolidone. 
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Additional operative polymeric polycarboxylates are disclosed in U.S. Patent 4,138,477, 
February 6. 1979 to Gaffer and U.S. Patent 4,183,914, January 15. 1980 to Gaffar et al. and 
include copolymers of maleic anhydride with styrene, isobutylene or ethyl vinyl ether, poly- 
acrylic, polyitaconic and polymaleic acids, and sulfoacrylic oligomers of AMW as low as 1,000 
available as Uniroyal ND-2. 
yiuoride Source 

It is common to have an additional water-soluble fluoride compound present in dentifiices 
and other oral compositions in an amount sufficient to give a fluoride ion concentration in the 
composition at 25°C, and/or when it is used of from ^bout 0.0025% to about 5.0% by weight, 
preferably from about 0.005% to about 2.0% by weight, to provide additional anticaries 
effectiveness. A wide variety of fluoride ion-yielding materials can be employed as sources of 
soluble fluoride in tiie present conqpositions. Examples of suitable fluoride ion-yielding materials 
are found in U.S. Patent No. 3,535,421, October 20, 1970 to Briner et al. and U.S. Patent No. 
3,678,154, July 18, 1972 to Widder et al. Representative fluoride ion sources include stannous 
fluoride, sodium fluoride, potassium fluoride, sodium monofluoropbosphate and many others. 
Stannous fluoride and sodium fluoride are particularly preferred, as well as mixtures tbsxeot 
Teeth Whit ftnin ^ Actives and Teeth Color Modifying Substances 

In addition to bleaching agents as teeth whitening agents, teeth color modifying substances 
may be considered among the oral care actives useful in the present invention. These substances 
are suitable for modifying the color of the teeth to satisfy the consumer. These substances 
comprise particles that when applied on the tooth surface modify that surface in terms of 
absorption and, or reflection of light Such particles provide an appearance benefit when a film 
containing such particles is applied over the surfaces of a tooth or teeth. 

Particles most useful in the present invention include pigments and colorants routinely 
used in the cosmetic arts. There are no specific limitations as to the pigment and, or colorant used 
m the present composition other than the limitation of the effect it has on the light source upon the 
teeth surfaces. Pigments and colorants include inorganic white pigments, inorganic colored 
pigments, pearlmg agents, filler powders and the like; see Japanese Published Patent Application 
Kokai No. 9-100215, published April 15, 1997. Specific exarrqples are selected from tiie group 
consisting of talc, mica, magnesium carbonate, calcinm carbonate, magnesium silicate, aluminum 
magnesium silicate, silica, titanium dioxide, 2dnc oxide, red iron oxide, brown iron oxide, yellow 
iron oxide, black iron oxide, ferric ammonium fenrocyanide, manganese violet, ultramarine, nylon 
powder, polyefliylene powder, methacrylate powder, polystyrene powder, silk powder, crystalline 
cellulose, starch, titanated mica, kon oxide titanated mica, bismuth oxychloride, and mixtures 
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thereof. Most preferred are those selected from the group consisting of titanium dioxide, bismuth 
oxychloride, zinc oxide and mixtures thereof. Pigments that are generally recognized as safe, and 
are listed m C.T.F.A. Cosmetic Ingredient Handbook, 3rd Ed., Cosmetic and Fragrance Assn., 
Inc., Washington D.C (1982). 

The pigments are typically used as qpacifiers and colorants. These pigments can be used 
as treated particles, or as the raw pigments tiiemselves. Typical pigment levels are selected for 
the particular impaict that is desired by flie consumer. For exan:5)le, for teeth that are particularly 
dark or stained one would typically use pigments in sufficient amount to lighten the teeth. On the 
other hand, where individual teeth or spots on the teeth are lighter than other teeth, pigments to 
darken the teeth may be useful. The levels of pigments and colorants are generally used in the 
range of about 0.05% to about 20%, preferably from about 0.10% to about 15% and most 
preferably from about 0.25% to about 10% of the composition. 
ThirVftninfr Agents 

In preparing toothpaste or gels, it is necessary to add some thickening material to provide 
a desirable consistency of the con^osition, to provide desirable active release characteristics upon 
use, to provide shelf stability, and to provide stability of the composition, etc. Preferred 
thickening agents axe carboxyvinyl polymers, carrageenan, hydroxyethyl cellulose, laponite and 
water soluble salts of cellulose ethers such as sodium carboxymethylceUulose and sodium 
carboxymetiiyl hydroxyetiiyl cellulose. Natural gums such as gum karaya, xanthan gum, gum 
arable, and gum tragacanth can also be used. Colloidal magnesium alummum silicate or finely 
divided silica can be used as part of the thickening agent to further improve texture. 

A preferred class of thickening or gelling agents includes a class of homopolymers of 
acrylic acid crosslinked with an alkyl eflier of pentaeryflnitol or an alkyl etiier of sucrose, or 
carbomers. Carbomers are commiratdally available from B J. Goodrich as the Carbopol® series. 
Particularly preferred Carbopols include Carbopol 934, 940, 941, 956, and mixtures tiiereof. 

Copolymers of lactide and glycolide monomers, the copolymer having tbt molecular 
weight in flie range of from about 1,000 to about 120,000 (number average), are useful for 
delivay of actives into tiie periodontal pockets or around the periodontal pockets as a 
"subgingival gel carrier." These polymers are described in U.S. Pat. Nos. 5,198,220, issued 
March 30, 1993 and 5,242,910, issued Sept. 7, 1993, both to Damani, and 4,443,430, to Mattel, 
issued April 17, 1984. 

Thickening agents in an amount from about 0.1% to about 15%, preferably from about 
2% to about 10%, more preferably from about 4% to about 8%, by weight of the total tootiipaste 
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or gel coiiq)osition, can be used. Higher concentrations can be used for chewing gums, lozenges 
(including breath mints), sachets, non-abrasive gels and sub^ngival gels. 

WiimftrtanfR 

Another optional con^onent of the topical, coal carriers of the compositions of the subject 
invention is a humectant The humectant serves to keep toothpaste conq)ositions from hardening 
upon exposure to air, to give compositions a moist feel to the mouth, and, for particular 
humectants, to impart desirable sweetness of flavor to toofl5)aste compositions. The humectant, 
on a pure humectant basis, generally comprises from about 0% to about 70%, preferably from 
about 5% to about 25%, by weight of the compositions h^in. Suitable humectants for use in 
compositions of tiie subject mv^on mclude edible polyhydric alcohols such as glycerin, 
sorbitol, xylitol, butylene glycol, polyethylaie gjycol, and propylene glycol, especially sorbitol 
and glycerin. 

Flavoring and Sweete ning Apents 

Flavoring agents can also be added to the compositions. Suitable flavoring agents include 
oil of wintergreen, oil of peppermint, oil of spearmint, clove bud oil, menthol, anethole, methyl 
salicylate, eucalyptol, cassia, 1-menthyl acetate, sage, eugenol, parsley oil, oxanone, alpha- 
irisone, marjoram, lemon, orange, propenyl guaethol, cinnamon, vanillin, thymol, linalool, 
cinnamaldehyde glycerol acetal known as CGA, and mixtures thereof. Flavoring agents are 
generally used in the compositions at levels of from about 0.001% to about 5%, by weight of the 
composition. 

Sweetening agents which can be used include sucrose, glucose, saccharin, dextrose, 
levulose, lactose, mannitol, sorbitol, fructose, maltose, xylitol, saccharin salts, thaumatin, 
aspartame, D-tryptophan, dihydrochalcones, acesulfame and cyclamate salts, especially sodium 
cyclamate and sodium saccharin, and mixtures th^eof. A composition preferably contains from 
about 0.1% to about 10% of ttiese agents, prrferably from about 0.1% to about 1%, by weight of 
the compositioiL 

In addition to flavoring and sweetening agents, coolants, salivating agents, wanning 
agents, and numbing agents can be used as optional ingredients in compositions of the present 
invention. These agents are present in the compositions at a level of from about 0.001% to about 
10%, preferably from about 0. 1% to about 1%, by wei^t of die composition. 

The coolant can be any of a wide variety of materials. Included among such materials are 
carboxamides, mentiiol, ketals, diols, and mixtures fliereof PrefOTed coolants in die present 
compositions are die paramenthan carboxyamide agents such as N-ethyl-p-menthan-3- 
carboxamide, known commercially as 'WS-S", N,2,3-trimediyl-2-isopropylbutanamide, known as 
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"WS-23 " and mixtures thereof. Additional preferred coolants are selected from the group 
consisting of menthol, 3-l-menthoxypropane-l,2-diol known as TK-10 manufactured by 
Takasago, menthone glycerol acetal known as MGA manufactured by Haarmann and Reimer, and 
menthyl lactate known as Frescolat® manufactured by Haarmann and Reimer. The terms 
menthol and menthyl as used herein include dextro- and levorotatory isomers of these conq>ounds 
and racemic mixtures thereof. TK-10 is described in U.S. Pat. No. 4,459,425, Amano et al., 
issued 7/10/84, WS-3 and other agents are described in U.S. Pat. No. 4,136,163, Watson, et aL, 
issued Jan. 23, 1979. 

Preferred salivating agents of the pres^ invention include Jambu® manufactured by 
Takasago. Preferred wanning ageats include capsicum and nicotinate esters, such as benzyl 
nicotinate. Preferred numbing agents include benzocaine, lidocaine, clove bud oil, and ethanol. 
Alkali Me tal Bicarbonate Salt 

The present mvention may also include an alkali metal bicarbonate salt. Alkali metal 
bicarbonate salts are soluble in water and unless stabilized, tend to release carbon dioxide in an 
aqueous system. Sodium bicarbonate, also known as baking soda, is the preferred alkali metal 
bicarbonate salt. The present conq)Osition may contain from about 0.5% to about 30%, preferably 
from about 0.5% to about 15%, and most preferably from about 0.5% to about 5% of an alkali 
metal bicarbonate salt. 
Miscellaneous Carriers 

Water employed in the preparation of commercially suitable oral compositions should 
preferably be of low ion content and free of organic in5)urities. Water generally comprises from 
about 5% to about 70%, and preferably from about 20% to about 50%, by weight of the aqueous 
compositions herdn. These amounts of water include the free water which is added plus that 
which is introduced with other materials, such as with sorbitol. 

PoloT^amers may be employed in the present compositions. A poloxamer is classified as a 
nonionic sinfactant It may also function as an emulsifying agent, binder, stabilizer, and other 
related functions. Poloxamers are difunctional block-polymers terminating in primary hydroxyl 
groups with molecular weights ranging from 1,000 to above 15,000. Poloxamers are sdd under 
the tradename of Pluronics and Pluraflo by BASF. Preferred poloxamers for this invention are 
Poloxamer 407 and Pluraflo L4370. 

Other emulsifying agents that may be used in the present compositions include polymeric 
emulsifiers such as the Pemulen® series available from B.F. Goodrich, and which are 
predominantly high molecular weight polyacrylic acid polymers useful as emulsifiers for 
hydrophobic substances. 
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Titanium dioxide may also be added to the pies^ con^osition. Titanium dioxide is a 
white powder which adds opacity to the conditions. Titanium dioxide generally comprises 
firom about 0.2S% to about 5% by weight of the denti£dce conq)Ositions. 

ITie pH of the present compositions is preferably adjusted through the use of buffing 
agents. Buffering agents, as used herein, refer to agrats that can be used to adjust the pH of the 
conq)Ositions to a range of about pH 4.0 to about pH 10.0. Buffering agents mclude monosodium 
phosphate, trisodium phosphate, sodium hydroxide, sodium carbonate, sodium acid 
pyrophosphate, citric acid, and sodium citrate. Buffering agents can be administered at a level of 
from about 0.5% to about 10%, by weight of the present compositions. The pH of dentifrice 
conq)Ositions is measured from a 3:1 aqueous slurry of dentifiice, e.g., 3 parts water to 1 part 
dentifrice. 

Otter optional agents that may be used in the present compositions include dimethicone 
copolyols selected from alkyl- and alkoxy-din^thicone copolyols, such as C12 to C20 aikyl 
dimethicone copolyols and mixtures thereof. Highly preferred is cetyl dimethicone copolyol 
marketed under the Trade Name Abil EM90. Tte dimethicone copolyol is generally present in a 
level of from about 0.01% to about 25%, preferably from about 0.1% to about 5%, more 
preferably from about 0.5% to about 1.5% by weight The dimethicone copolyols aid in 
providing positive tooth feel benefits. 
Other Active Agents 

The present oral compositions may also include other active agents, such as antimicrobial 
agents. Included among such agents are water insoluble non-cationic antimicrobial agents such as 
halogenated diphenyl ethers, ph^olic confounds including phenol and its homologs, mono and 
poly-alkyl and aromatic halophenols, resordnol and its derivatives, bisphenolic compounds and 
halogenated salicylanilides, benzoic esters, and halogenated carbanUides. The water soluble 
antimicrobials include quaternary ammonium salts and bis-biquanide salts, among others. 
Triclosan monophosphate is an additional water soluble antimicrobial agent Hie quaternary 
ammonium agents include those in which one or two of the substitutes on the quaternary nitrogen 
has a carbon chain length (typically alkyl group) from about 8 to about 20, typically from about 
10 to about 18 carbon atoms while the remaining substitutes (typically alkyl or benzyl group) 
have a lower number of carbon atoms, such as from about 1 to about 7 carbon atoms, typically 
methyl or ethyl groups. Dodecyl trimethyl ammonium bromide, tetradecylpyridinium chloride, 
domipten bromide, N-tetradecyl-4-ethyl pyridinium chloride, dodecyl dimethyl (2-phenoxyethyl) 
ammonium bromide, benzyl dimethylstearyl ammonium chloride, cetyl pyridinium chloride, 
quatemized 5-aniino-l,3-bis(2-ethyl-hexyl)-5-methyl-hexahydropyrimidine, benzalkonium 
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chloride, bmsethonium chloride and methyl benzethonium chloride are exemplary of typical 
quaternary ammonium antibacterial agents. Other compounds are bis[4-(R-amino)-l-pyridinium] 
alkanes as disclosed in U.S. Patent 4,206,215, issued June 3, 1980, to Bailey. Other 
antimicrobials such as copper bisglycinate, copper glycinate, 2dnc citrate, and 2anc lactate may 
also be included. Enzymes are anoth^ type of active that may be used in the present 
compositions. Useful enzymes include those that belong to the category of proteases, lytic 
^izymes, plaque matrix inhibitors and oxidases: Proteases include papain, pepsin, trypsin, fidn, 
biomeUn; cell wall lytic enzymes include lysozyme; plaque matrix mhibitors include dextranases, 
mutanases; and oxidases include glucose oxidase, lactate oxidase, galactose oxidase, uric acid 
oxidase, peroxidases including horse radish peroxidase, myeloperoxidase, lactoperoxidase, 
chloroperoxidase. The oxidases also have whitening/cleaning activity, in addition to anti- 
microbial properties. Such agents are disclosed in U.S. Patent 2,946,725, Jul. 26, 1960, to Norris 
et al. and m U.S. Patent 4,051,234, September 27, 1977 to Gieske et al. Other antimicrobial 
agents include chlorhexidine, triclosan, triclosan monophosphate, and flavor oils such as th3maoI. 
Triclosan and other agents of this type are disclosed in Parran, Jr. et al., U.S. Patent 5,015,466, 
issued May 14, 1991, and U.S. Patent 4,894,220, Jan. 16, 1990 to Nabi et al. These agents, which 
provide anti-plaque benefits, may be present at levels of from about 0.01% to about 5.0%, by 
weight of the dentifrice con^)Osition. 

METHOD OF USE 

The present invention also relates to methods for cleaning and polishing teeth and 
reducing the incidence of stain, plaque, gingivitis and calculus on dental enamel. 

The method of use herein comprises contacting a subject's dental enamel surfaces and 
oral mucosa with the oral conq>ositions according to the present invention. The method of use 
may be by brushing with a dentifrice, rinsing with a dentifrice slurry or mouthrinse, or chewing a 
gum product. Other methods include contacting the topical oral gel, mouthspray, or other form 
such as strips or fihns with the subject's teeth and oral mucosa. The composition may be applied 
directly to the teeth, gums, or other oral sur&ce with a brush, a pen applicator, a doe's foot 
applicator, or the like, or even with the jBngers. The subject may be any person or other animal 
whose tooth surface contacts the oral composition. By "other animal' is meant to include 
household pets or other domestic animals, or animals kept in captivity. For exaiiq)le, a method of 
use may include brushing a dog's teeth with one of the dentifrice compositions. Another example 
would include the rinsing of a cat's mouth with an oral composition for a sufficient amount of 
time to see a benefit. Pet care products such as chews and toys may be formulated to contain the 
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present oral compositions. The conqiosition including the piesent copolymer is incorporated into 
a relatively supple but strong and durable material such as rawhide, ropes made from natural or 
synthetic fibers, and polymeric articles made from nylon, polyesta: or thermoplastic 
polyurethane. As the ani™i chews, licks or gnaws the product, the incorporated active elements 
are released into the animal's oral cavity mto a salivary medium, conq>arable to an effective 
brushing or rinsing. 

EXAMPLES 

The following examples further describe and demonstrate embodiments within the scope 
of the present invention, lliese examples are given solely for the purpose of illustration and are 
not to be construed as limitarinTiR of the present invention as many variations thereof are possible 
without departing from the spirit and scope. All percentages used herein are by weight of the 
conqposition unless otherwise indicated. 

RTflin ple 1 ■ Preparation of a dicarboxv f imriinnflliTeH pnlydime thvlsiloxane having 
pendant -/CH^^-CHrCOOm-CH^COQH groups 

93.7 g (i.e., 0.67 mol) of allyl succinic anhydride, 52 g of toluene and 1.01 g of a Kardtedt 
catalyst solution (0.1% of Pt in hexamethyldisiloxane) are added into a 500 ml reactor. The 
reaction mass is heated at 90°C ; 120 g (i.e., 0.45 mol of SiH) of a 
polydimethylhydrogenosiloxane having the formula 

Me3SiO(SiMe20)9(SiMeHO)4SiMe3 
and contammg 3.75 mol of SiH/lj^ , are added over 3 hours. The SiH amount (determined by 
gazometry) transformed at the end of the addition is of 96.1% ; it is of 100% 2 hours after the end 
of the addition. The volatiles are eliminated by evaporation under vacuum (3 mbar) over 10 hours 
at ISO^C. 15 g of demineralized water are th^ added in order to hydrolyze the succinic 
anhydride functions. The hydrolysis reaction is followed by infra-red analysis (add band at 1714 
cm'\ anhydride band at 1863 and 1782 cm'^ ). When the hydrolysis reaction is complete (48 
hours), l(X)g of toluene are added in order to azeotropically eliminate water. 133.5 g 
(corresponding to a yield of 82%) of a viscous oil are recovered. 

NMR analysis confirmed the following general structure of the product obtained: 
Me3SiO(SiMe20)9(SiMeAO)4SiMe3 
in which A rq^resents -(CH2)3-(3H(COOH)-C3a2COOH. 
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Example 1. Prftparatioo of a dicarboxv fiinctionaliy Bd polvdimethvlsiloxane having 

pendant -fCHg^,>^fCXX)HUTT.COOH groups 
49.8 g (i.e., 0.36 mol) of allyl succinic anhydride, 44 g of toluene and 1.139 g of a Kardtedt 
catalyst solution (0.1% of Pt in hexamethyldisaoxane) are added into a 500 ml reactor. The 
reaction mass is heated at 90**C; 150.3 g (Le.. 0.266 mol of SiH) of a 
polydimethylhydrogenosiloxane having the formula 

Me3SiCXSiMe20)icx>(SiMeHO)i5SiMe3 
and contaming 1.77 mol of SiH/kg , are added over 1 hour. The SiH amount (determmed by 
gazometry) transformed at the end of the addition is of 86% ; it is of 100% 16 hours after the end 
of the addition. The volatiles are eliminated by evaporation under vacuum (6 mbar) over 10 hours 
at ISO'^C. 101 g of toluene are added; the reaction mass is filtered, 6.7 g of demineralized water 
are then added in order to hydrolyze the succinic anhydride functions. The hydrolysis reaction is 
followed by infrared analysis (acid band at 1714 cm'^ anhydride band at 1866 and 1788 cm"*). 
When the hydrolysis reaction is complete (6 days), water is azeotropically eliminated. 146.3 g 
(corresponding to a yield of 80%) of a viscous oil are recovered. 

NMR analysis confirmed the following general structure of the product obtained: 
Me3SiO(SiMe20)ioo(SiMeAO)i5SiMe3 
in which A represems -(CH2)3-CH(COOH)-CH2COOH 

Example 3. Retention of FuTictinnaHyi^H Siloxane Polymers Applied as a 1% Solution on Pohshed 

Bovinft Rnamftl Stnrfflrpg 

The deposition and retention of dicarboxy fimctionalized siloxane polymers according to 
the present invention applied as a 1% solution on polished bovine enamel surfaces are compared 
with other siloxane polyn^srs containing other functional groups. Solutions of the different 
siloxane polymers were prepared at 1% concentration m MIBK (methyl isobutyl ketone). Six Dl 
of each solution was applied direcfly to clean, polished bovine enamel specimens set in resin, 
having approximately Icm^ surface area. The solvent was allowed to evaporate under ambient 
conditions and an initial water contact angle (WCA) was measured usmg a Kruss DSA-10 system. 
The enamel specimens were then soaked in ultra pure water for 5 minutes, and after allowing to 
air dry flie water contact angle was re-measured. Then, the specimens were brushed on a brushmg 
machine (V-8 crossover with an Qral-B flat head toothbrush at 150g pressure) for 1 minute and 10 
minutes with water, and tiie WCA's re-measured at each interval. Untreated enamel specim^ 
were included in this study as a control. The results are smnmarized in Table I below. The 
siloxane polymers functionalized with acid anhydride and its hydrolyzed diacid show the best 
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retention properties in tbe bovine enamel brustung model as draionstrated by the relatively higher 
WCA values indicating a more hydrophobic surface, which are maintained even aft^ brushing for 
10 minutes. 

Table L Wata: Contact Angles of Bovine Enamel Surfaces Treated With Functionalized Siloxane 

Polvmers 



Functional group of 
Siloxane Pdymer 


Average 
MW 


WCA After 
Treatment 


5min 

H20 soak 


Imin 

brushing 


lOmin 

brushing 


Polyether 


ISOOO 


25.70 


34.35 


35.32 




Amine 


17000 


65.86 


61.12 


54.56 




Polyether^^olyol 


14000 


83.19 


85.01 


51.68 




Propylsuccinic Anhydnde 


1600 


92.31 


90.00 


91.46 


92.51 


Propylsuccinic Anhydride 


360 


93.96 


92.15 


86.52 


65.28 


PFopylsuccinic acid 


10000 


86.38 


96.83 


83.08 


84.75 


Propylsuccinic acid 


1700 


28.19 


70.34 


82.9 


86.53 


Enamel control 


48.39 


50.75 


42.97 


54.86 



Rxflmplft 4 , Deposition and Retention of Functionalized Siloxane Polymers Applied as a 1% 
Conc^tration Denti&ice Slurrv Brushed onto Polished Bovine Enamel 
Functionalized siloxane polymers were mixed with Crest® cavity fighting formula 
dentiftice and water (1:3) to give a dentifrice slurry containing each polymer at 1% concentration 
in the slurry. Qean, polished bovine enamel specinaens set in resin and having approximately 1 
cm^ surface area were dropped into each slurry to soak for 5 minutes. Specimens were removed, 
then sonicated and rinsed in ultrapxire water. They were then air dried, and a water contact angle 
(WCA) measurement was made on the enamel surface. Specimens were mounted on a brushing 
machine (V-8 crossover with an Oral-B flat head toothbrush at 150g pressiire) and brushed with 
prepared slurries for 1 minute and 10 minutes. WCA's were re-measured after each interval using 
the same method described. Untreated enamel specimens were included in this study as a control. 
Results are shown in the Table n below. The diacid functionalized siloxane polymers according 
to the preset inv^tion were deposited and retained on enamel better than the other 
functionalized siloxane polymers tested, with the propylsuccinic acid functionalized polymer 
(AMW= 1700) having the best deposition and retention. The anhydride functionalized polymer 
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also maintained a hydrophobic surface as indicated by the idatively higher WCA values, although 
the hydrophobicity was not retained as well as with the diacid fiinctionalized polymers. The 
copolyol fiuictionalized polymer had little retention on enamel under these brushing conditions. 



Table H. Water Contact Angles of Bovine Enamel Surfaces Treated With Puny rinnaligied 
SUoxane Polymers Ihcoroorated in a Doitifrice 



Functional groap 


AMW 


Water Contact Angle Measurements 


S minsoak 


1 min brushing 


10 min brushing 


Propylsuccinic acid 


1700 


82.33 


98.85 


98.77 


Propylsuccinic acid 


10000 


53.19 


55.87 


49.77 


Propylsuccinic Anhydride 


1600 


84.0 


70.0 


68.0 


Polyol/polyether 


14000 


57.0 


25.0 


25.0 


Bare enamel control 


26.0 


25.0 


25.0 



Example 5. Bleaching Performance of a Mixture of a Propvbuccinic Acid Funcdonalized 
Siloxane Polvmer an d Carbamide Peroxide (CP) Against Extrinsic Stain s on Bovhie Enamel 
The bleaching performance against extrinsic stains of a composition according to the 
present invention conq)rising a diacid functionalized siloxane polymer and 10% carbamide 
peroxide is compared to performance of compositions comprising a Carbopol gel or water and the 
same level of carbamide peroxide. Bovine enamel specimens were mounted in a lesin, and 
exposed to a staining solution to induce a dark stain on the enamel surface. Baseline CIE 
(IntematicHial Commission of Illumination ) L*a*b* values were measured using a Fuji HCIOOO 
digital camera under controlled lighting conditions (D55 light) with a polarizing filter. Carbamide 
peroxide (urea hydrogen peroxide, Sigma U-1753) was mixed into the following test materials at 
a 10% concentration: propylsuccinic acid functionalized siloxane polymer (AMW=1700); 5% 
Caibopol gel; and ultrapure water. Approximately 10 mg of each test material mixture was 
applied to the enamel surface of the bovine specimens, and the specimens were then placed into 
individual vials containing 15niL of ultrapure water, and the vials were then placed on a rocker, in 
an incubator set at 3TC for 30 minutes. At the aid of 30 minutes, the treatments were removed 
by gently swabbing the surface widi MIBK. The specimais were blotted dry and measured for 
changes in L*, a*, and b*, a numerical expression of three dimensional color space where L* 
represents lightness on the y axis, a'*' represents chroma (red-green) on the x axis, and b**" 
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represents chroma (yellow-blue) on the z axis. Subsequent treatments were then applied the same 
way, and this procedure was repeated for 14 treatments, for a total exposure time of 7 hours. 
CondMised results are shown in Table DI below as change in delta L* vs. baseline. The diacid 
fimctionalized siloxane pdymer provides an enhanced bleaching benefit on ^trinsic stain versus 
Carbopol gel or water containing die same concentration of carbamide pm)xide under aqueous 
conditions. 



T i ^Mft m AT yg T^afseline of ExtrinsicaUv Stained Bovine Enamel 



Trealment 


Treatment Time 




llir 


3 hrs 


5 hrs 


7hrs 


Propylsuccinic Acid Fimctionalized 

Siloxane Polymer + 10% CP 


3.5 


12 


22 


29 


Carbopol gel + 10% CP 


0 


5 


9 


12 


Ultrapure water + 10% CP 


0 


1 


3 


5 



Kvflm plft fi. Bleaching of Intrinsically Discolored p ytrartftH Human Teeth Following Brushing 
uHrh a nent^ fric fi Containing a Propvlsuccmic Acid F ^tirrinn^liy ^d Siloxane Polvmer and 

Carba tnide Pero xide (CP) 
Extracted human molars were cleaned of any soft tissue, and polished/prophied to remove 
any tartar or extrinsic stams. They were moimted in a resin and baseline CIE L*a*b* values were 
measured using a Fuji HCIOOO digital camera under controlled lighting conditions (D55 light) 
with a polarizing fdter. Carbamide peroxide (urea hydrogen peroxide, Sigma U-1753) was added 
to a methyl isobutyl ketone (MIBK) solution containing dissolved propylsuccinic acid 
fimctionalized siloxane polymer (AMW=1700). The solvent was evaporated off and the residue 
of CP/polymer was then added to a slurry of Crest cavity protection dentiftice so that the resulting 
slurry contained 10% CP and 5% polymer. A comparative slurry containing only 10% CP was 
also made. An Oral B flathead toothbrush was dipped into the slurry, and the slurry brushed onto 
one side of the molar for 50 hand strokes. Hiis was repeated for all sides of the tooth (buccal, 
lingual distal and labial sides each received 50 strokes). TTie specimens were then placed into 
individual vials containing 15mL of ultrapure water, and the vials were then placed on a rocker, in 
an incubator set at 3TC for 1 hour. At the end of 1 hour, the treatments were removed by gently 
swabbing the surface with MIBK. Specimens receiving the comparative slurry were treated the 
same way. The teeth were lightly blotted dry and measured for changes in L*, a*, b* color space. 
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Subsequent treatments weie then applied the same way, and this ptocedure was repeated for a 
total exposure time of 7 hours. Results axe shown in Table IV below as change in delta L"^ vs. 
baseline. These results demonstrate that the present composition conq)rising the diacid 
fiinctionalized siloxane polymer, provides significantly greater bleaching benefit on intimsic 
discolorations/stains of extracted human teeth versus carbamide peroxide alone vfheia delivered to 
the tooth surface from a dentifiice slurry aids in the retention of carbamide peroxide on the tooth 
sur&ce. The results further demonstrate that the diacid fiinctionalized siloxane polymer aids in 
the retention of carbamide peroxide on the tooth sur&ce resulting in greater bleaching effect over 
time. 



Table IV. AL* vs. Baseline of Ihtrinsicallv Stained Human Knamel 



TFeatment 


Treatment Time 




Ihr 


3hrs 


5 hrs 


7his 


5% PTopylsuccinic Acid Siloxane 
Polymer (AMW=1700) +10% CP 


1 


2 


3 


4 


10% CP 


0.5 


1 


1 


1 



Example 7- Topical Oral Gels 
Topical oral gels according to the present invention are shown below. These 
compositions are made using conventional methods. 



Components 


7A 


7B 


7C 


7D 


7E 


7F 


7G 


Flavor 


5.000 


5.000 


0.500 


0.500 


0.500 


0.500 


0.500 


Menlhol 


0.200 


0.200 












Saccharin 


0.200 


0.200 


0.100 


0.100 


0.100 


0.100 


0.100 


Ptqpylsucdnic Acid 
Polyaloxane Polymer 
(AMW=1700 or 10000) 


3.000 


3.000 


70.000 


75.000 


66.000 


80.000 


75.00 


Urea Peroxide 


10.000 




20.000 


15.000 


15.000 






Triclosan 












0300 




Cetjd Pyridinium Chloride 














1.00 


PemulmTRl 


1.000 


1.000 












Dibasic Na Phosphate 


0.200 


0.200 
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Poloxamer407 


9.000 


10.500 












PlurafloL4370 


QS 


QS 












PEG600 






QS 


QS 


QS 


QS 


QS 



Example 8 - Dentifrice Compositions 
Dentifdce compositions according to tiie present invention are shown below. These 
conq)ositions are made using convrational methods. 



Components 


8A 


8B 


8C 


8D 


8E 


8F 


Color ED&CBlue#l 




0.300 






0.200 


0.200 


Caibamer9S6 


2.000 






2.000 


0.300 


0.300 


Citric Add 






0.180 








Flavor 


0.900 


1.100 


1.000 


0.900 


1.200 


0.800 


Saccharin 


0.300 


0.400 


0.450 


0.400 


0.300 


0.350 


Glycerin 


10.000 


30.000 


30.000 


QS 






Monosodium Phosphate 




0.500 






0.590 


0.500 


rrisodium Phosphate 










1.450 


1.400 


XanthanGum 










0.475 


0.500 


Na Hydroxide (50% sohi) 


1.100 












PEG40SDIS 






1.240 








Poloxamer 407. NF 




15.000 


15.000 


5.000 






Powdered Polyetbylaie 




20.000 


15.430 








SiUca 








10.000 


20.000 


15.000 


Sodium Stannate 






0.090 








Sodium Fluoride 


0.243 


0.243 


0.243 


0.243 


0.243 


0.243 


SorWtol (70% sohi) 










50.000 


40.000 


Sodium Alkyl Sulfate (28% 

soln) 


3.000 








4.000 


5.000 


Propylsuccinic Acid 
Polysiloxane Polymer 




5.000 




3.000 




1.000 


I*ropylsuccinic Acid/ Propylene 
Glycol ester Polysiloxane 
Polymer 


3.000 




2.000 




4.000 
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Utea Peioxide 


10.000 






4.000 






Hydrogen Peroxide (35% soln) 




5.000 


3.000 








Triclosan 


0.300 








0.300 




Cetyl Pyridinium Chloride 






0.530 








Vitamin E 












2.000 


Water, Purified USP 


OS 


QS 


QS 




QS 


QS 



Exaynple Q Phewing Gum C onroositiQn.q 
Chewing gum compositions including a coated chewing gum (9C) according to the 
present invention are shown below. 



Components 


9A 


9B , 


Xylitol 


16.700 


16.700 


Gum base (e.g., Prestige-PL, Cafosa) 


28.000 


28.000 


Propylsuccinic Acid Functionalized Polysiloxane 

(AMW=1700) 


5.000 


5.000 


Urea Hydrogen Peroxide 




10.000 


Hydrogenated starcli hydrolysate (85% solids) 


8.000 


8.000 


Glycerin 


7.000 


7.000 


Manmtol 


5.000 


5.000 


Flavor 


1.600 


1.600 


Aspartame 


0.200 


0.200 


Spray dried menthol 


0.150 


0.150 


Sorbitol 


QS 


QS 



9C Components 


Core 


Coating 


Total 




Ig/ piece 


0.35g/ piece 


1.35g/ piece 


Sorbitol 


49.35 




36.56 


Gum base' 


25.0 




18.52 


Propylsuccinic Acid Functionalized Siloxane 
Polymer (AMW=1700) 


5.0 




3.70 
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Urea Hydrogen Peroxide 


5.0 


_ 


3.70 


Sodium fluoride 


- 


0.08 


0.02 


XyUtol 




- 


- 


Hydrogenated Starch Hydrolysate 


5.0 


- 


3.70 


Manmtd 


2.0 


_ 


1.48 


Glycerin 


5.0 


_ 


3.70 


Titanium dioxide 


- 


2.0 


0.52 


Flavor 


2.0 


2.0 


2.00 


Additional spray-dried flavor 


1.5 


- 


1.11 


Sucralose 


0.05 


0.03 


0.05 


Potassium Acesulfame 


0.10 


0.10 


0.10 


Sorbitol 




95.25 


24.70 


Polysorbate 60 




0.30 


0.08 


Insoluble edible glitter^ (Brilliant Blue) 




0.04 


0.01 


Wax* 




0.20 


0.05 



^ Conq>rises several ingredients, including pre-supplied gum bases from suppliers such as L. A. 
Dreyfus Company, 3775 Park Avenue, Edison, New Jersey, US; Cafosa Gum, Calabria 267, 
08029, Barcelona, Spain, etc. 

^ Level of sorbitol ref(^ to absolute level after drying; sorbitol is added as a 70% aqueous 
solution 

^ Supplied by Watson Foods Conq>any Incorporated, 301 H^eman Drive, West Haven, 
Connecticut, USA 

^ Level of wax refers to absolute level after drying wax is added as a 28% ethanolic solution; wax 
used conpises several ingredients such as that supplied by Kaul GmBH, Blmshom, Germany 

Malcinyy Tn.g tructions- Hyani ple QA and 9B 

Heat gum base to ~4S*'C to soften. Maintain mixer vessel cavity at "4S^C during entire mixing 
process. Add gum base to mixing cavity of double sigma blade mixer and mix for 5 minutes. 
Add mannitol and spray-dried menthol. Mix for 2 minutes. Add glycerin and mix for 2 minutes. 
Add 50% of xylitol and mix for 2 minutes. Add hydrogenated starch hydrolysate and mix for 5 
minutes. Add 50% sorbitol and mix for 3 minutes. Add second 50% of xylitol, silicone , and 
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aspaxtame and mix for 3 minutes. Add flavor and mix for 3 minutes. In the case of Ex. 9B, add 
the bleach toward the end at close to room temperature to minimize active oxygen loss. 

Makinig Instructions — ^Example 9C 

Core Formidation : Soften gum base with gentle heating and add maimitol, spray-dried flavor, 
glycerin, 50% of xylitol, hydrogenated starch hydrolysate, 50% of sorbitol and mix thoroughly. 
Add second 50% of xyUtol, siloxane polymer and urea hydrogen peroxide (when needed) and 
aspartame, remainder of flavor and mix further. Form bulk chewing gum mass into discrete 
pieces of desired shape and size using rolling and scoring equipment. 

Coating Solution : Add titanium dioxide and Polysorbate 60 to 70% aqueous sorbitol solution and 
mix. Add flavor followed by Sucralose and Potassium Acesulfame and mix further. 
Coating of Core Formulation : Place gum pieces into a coating pan and apply coating solution, 
partially dry. Repeat coating step until desired coating thickness or weight is achieved. Apply 
clear 70% aqueous sorbitol solution and, whilst wet, dry spray speckles onto product surface, dry. 
Apply second coat of clear 70% sorbitol solution followed by wax coating and allow product to 
fully dry. 



Example 10 - Mouthrinse 



Components 

Water 

Propylene Glycol 
Sodium Benzoate 



Weight % 
29.000 



53.459 



0.320 



Benzoic Acid 



0.021 



Sodium Saccharin 



0.700 



Propylsuccinic Acid Functionalized Polysiloxane 
(AMW=1700) 



5.000 



Poloxamer 407 



10.000 



Flavor 



1.500 



Example 10 mouthrinse is prq)ared as follows: Mix water, poloxamer and propylene 
glycol. Next add the flavor, benzoic acid, and the siloxane polymer. Finally add the sodium 
benzoate and sodium saccharin and mix until homogeneous. 
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RTfltnple 1 1 -nent^iip^ Adhesive repositions 

Dentuxe adhesive compositioiis in cream form can be made by blending together the 
following components. 



Components 


llA 


IIB 


lie 


IID 


White Mineial Oil 


23.93 


23.93 


23.93 


0 


PetrolatumtWhite 


21.77 


20.87 


11.87 


0 


Carboxymethylcellulose Sodium 


20.00 


20.00 


20.00 


20.00 


Silicon IKoxide, Colloidal 


1.14 


1.14 


1.14 


1.14 


Colorant (Opatint Red Dye) 


0.06 


0.06 


0.06 


0.06 


Propylsuccinic Add Functionalized 
Polysiloxane (AMW=1700) 


0.10 


1.00 


10.00 


4S.8 


Allcyl Vinyl Ethet/Nfaleic Acid 

(AVE/MA) Copolymer Salt 


33.00 


33.00 


33.00 


33.00 



Mix the fluid con^onents (red dye, Propylsuccinic Acid Polysiloxane, petrolatum, 
min^al oil) at SO to 60°C until visually uniform. Then shake-blend the powder conq)onents 
(colloidal silicon dioxide, CMC, any AVE/MA copolymer mixed salt) togetha: in a container. 

Thereafter, mix the powders into the liquid forming a uniform pink cream The cream 
compositions may be modified by increasing or decreasing the levels of each of the AVE/MA salt 
of, petrolatum, and/or the CMC by up to 10 grams. Hie above cream conq)ositions can also be 
modified by usmg mixtures of various AVE/MA mixed polymer salts, such as CsJTn or 
Mg/Ca/Zn salts, and/or acid. In use the subject places from 0.1 to 2 grams of the cream 
composition on the denture. Then the subject inserts the denture into his/her mouth and presses it 
into place. 
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What is daiiDed is: 

1. An oral care composition con5)rising an orally acceptable carrier and at least 0.1% by 
weight of a dicaiboxy ftmctionalized siloxanepdymer of formula 

X (R*R^ Si 0)p(R« A Si 0)q Y 

wherein 

X represents a triorganosiloxyl end group of fonmila R^R^R^SiO- , or a Z end group wheiein Z 
represents -OH; 

Y represents a triorganosilyl end group of formula -SiR W or a W end group wherein W is 
hydrogen; 

r1 to r6, which may be identical or different, each rq>resents a linear or branched C1-C8 alkyl or 
a phenyl radical, preferably methyl; 
A represents a dicarboxy acid radical of formula 

E^(0)OM 

-B-CRX 

C(0)OM 

wherem 

B represent an alkylene residue havuig from 2 to 30 carbon atoms, optionally substituted 

by one or more aSkyl radicals having from 1 to 30 carbon atoms, 

R' represents a hydrogen atom or an alkyl radical having from 1 to 30 carbon atoms, 

E is nfl or is an alkylene residue having from 1 to 5 carbon atoms, preferably from 1 to 3 

carbon atoms, optionally substituted by one or more alkyl radicals having from 1 to 30 

carbon atoms; and 

M is H, an allqrl group having from 1 to 4 carbon atoms optionaUy substituted with 
hydroxy or alkoxy groups, or a cation selected from the group consisting of alkaU metal, 
alkaline earth metal, and substituted (x non substituted ammonium, piperidinium or 
alkanolamine; 

p is an average value ranging from 0 to 1000, preferably from 0 to 500, more preferably from 5 to 
200; 

q is an average value ranging from 1 to 100, preferably from 1 to 50; and 

the ratio of the number of Z and W end groups to the total number of X and Y end groups is from 

0/100 to 75/100. 
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2. An oral care conqyosition accoidmg to Qaim 1 wherein the dicarboxy fimctionalized 
siloxane polymer conqxrises one or a combination of dicarboxy acid pendant groups selected 
from: 

-<CH2)„-CH(COOM)2 or 
-<CH2)irCH(CX)OM)-CH2COOM 
wherein n is from 2 to 30. 

3. An oral care composition according to Claim 1 or Claim 2 fruther comprising an oral care 
ag^t selected from the group consisting of a bleaching agent, teeth color modifying agent, 
oizyme, anti-tartar agent, fluoride ion source, anti^microbial agent, anti-inflammatory agent, 
antagonist, analgesic, anti-viral agent, dentmre adhesive, flavoring agent and mixtures thereof. 

4. An oral care composition according to Claim 3 wherein the oral care agent is a bleaching 
agent in an amount from 0. 1% to 20.0% by weight of the composition. 

5. An oral care composition according to Qaim 4 wherein the bleaching agent is selected 
from the group consisting of peroxides, perborates, percarbonates, peroxyacids, persulfates, 
chlorites, and mixtures thereof. 

6. An oral care conq)Osition according to Claim S wh^ein the bleaching agent is selected 
from the group consisting of hydrogen p^xide, urea peroxide, calcium peroxide, sodium 
percarfoonate, sodium chlorite, potassium chlorite and mixtures thereof. 

7. Use of a composition according to anyone of Claims 1 to 6 for cleaning and whitening a 
subject's teeth or dental prosthesis; preventing or reducing plaque, caries, calculus and tooth 
stains; and providing shine, smoothness and positive feel benefits to teeth. 

8. A method of enhancing efiBcacy of oral care conq)Ositions comprising including in said 
conq>ositions a carrier for oral care active agents con^rising a dicarboxy frmctionalized siloxane 
polym^ in an amount effective to hydrophobically modify teeth and other oral sur&ces and to 
enhance delivery and retention of said active agents on teeth and other oral surfaces. 

9. A method of whitening teeth conqnising adnoinistering to a subject's oral cavity a 
composition comprising a bleaching agent and an anionic fimctionalized hydrophobic polymer. 
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